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A BSTRA C T
The satellitein agcdata, m c 88 td byAl ) EO SnO L D E R,AD EO S/OCT SaJld N OA A/A Ⅵ1 RR, w er e u 馳d torcbicv ea erosoloptical
paratnctc rs･ W e e x 8血 ed tw o n cthods 触 T 血 8Vh$lo c° - solopticalparE - tCrS 血 gtheADB O S/POLL)B R dぬ bycpthPar-
ing with the v81id8tio ndat81 The丘rstm 血 odisbA8Cdon a R -P(Renectan ccIPolari2 血 n)algo 血 m usingbothmdti-dire 血 n al
r 曲 ctance a nd n tllti-dire ction alpo18ri改tioninforzn atio nin 865n nband. The sec ond m ethodi8bBSCdon AR IB(Re加 cta n c･
RB且e ctanc e)alsodthm t椅insonly7Hdtidire cdo 叫Irenectanceitl免 - tim intw oi 血 °bands(670m Bud 865n n). Wefbtndthat
the血r m erdv csb 触 r agree ned withthe m eas u ed 吋 y audatio n血tatharLthel 肋r. Fw 血crn or c,th8 retrievalre印IBbytheR･
A algorithm usi喝 the mo n o-dire ction alrcAec ta n c ed8t8 0f A D EO S/O CTS and N OAJVAVtLRR w ere c oTEEPared withtho8C Of
Al ) B O B/F O L D E R,bas ed oz1the 且 ･P 81gorithn . Al thoughw ehBtd ar ehtiv clygoodagre e m c tltillthe 8erO 8 01opticalthi血 e8S
a m ongthese algori也m s･ w 6払tndthat heretricv8lr - 1t写OfÅngstrotn e xpon 切t are notreliableirLthe cases of the A- 良alsorithm
tLSi喝 therenect mce 血t8 &lo n B.
1. INTR O DtJC TIO N
TheF OL D E Rm d OCTS - onboardofth6 Sa n eA D E OS 弧dtheyhav e n earlysixidmticalspectralbazlds･ FOL D E Rw as孤
血 喝i喝 SenS Or wi thn adirgDtndrcs oh)Siot1 0f7kn, whq c8SO CTSw as a SC m皿 喝 SC nSOrwi ththat ofO･7km ･ Theyb dcole cted
glotnldata sets払rabout8m oT[ths 血 血gtheA D EOS
'
s opc r8tio nalperiod(lm n chedin 佃 t199 6- e ndcdh Jt nc19?7). Shce
theFOL D E R had tmiqu c cq)abilities ofm cas血 gbothrEId d-dircc血 nalradim c cin8 Ⅶ velengthbnd<443,490,56 5,67 0,763,
7 65
,865,a nd9 10[n m】)and linearpolar血 丘血 in3 bands(4 4 3,670,a nd 865[n m】)rdectcdbyheBarth
'
s atn o甲hBre･StFLhce 軸
ths retrievalofa ero畠01'sthrc c opdc alp 約 tnetCrS(ic･ , re alp山 ofrc血 ctiv eindex, OP血dthi 血c s,andÅngs地 m e xponent)n ay
tk POSSiblc･ byt損ねgPOL D E R
'
87rLu止 肋 ionalin6or m aicn . Ho w 耶 r.il isdi岱c ulttordriw ca 耶SOl
'
sredpart ofreh ctiv8index
如 m the re且ect&nc edataby O CTSandNO AA/A V tL R R,bcc8tL8eth ycollectsthe radian ce re伽 ctcd bythetarget 如 m o nlya
no no･dirc ction .
2. B A SIC BA C K GRO tJN D S
Theincide nt $ Olar且tRVe ctorinStokes vectorrgre s cntatio ni8give nby Eq.(1).
7 珂 fO 0 O7E (1)
where a s tlPer&Cript repres ents the m atri‡tra n Sposiio n･ h this710tadon we a ss tu n e a nincident 8 0Lar血 Ⅹ v ector 7d7ih minates 8
zenih angle0.andthes o18r 艦血 血 angleQ,,r c9PeCtlVely･ 1n therightside 76 eqtnLsto the extri'terreS triaLim dia ncepertmit ”
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n orzn alto thedirectio nofd arr&yS, EJW/id]･ T hen,the tIPW Cui喝 Stokesve c to r atthetop ofthe 8tn O畠Phe re(T o Å)in the
directio nof(”,◎ , Iちt,P･,Pw 卜 心 仁【lQ U VI
E
00n beexpressed byEq.(2)in tert7uWfthe rc且c cdon matrix ofthe 血 ospher e-
oc c 8n SyStC mRLt W .
帆 ル Pp O- 也) 刊且.. . a,(T8E ル Pp 卜旬)F - (2)
Asforthe c ot npon ctltS OfStokes v ec tor,Iisthe radian ce, Q and U a rcr6htedtothedegr ee oflizl e8 rpolarization andangle of
pola riz atio n, andV to the cirG uhrpol8ri2:a tio tl･ h the Earth
'
sE(tm O BPhcre the circ血 polariz8tion can bcignored1 8ytk;ing the
addingm ethod[1], RhL. 丘,C a nbe expressed in te - s ofthe reflectio n m3trix,thetransmis魯io n n atzix, ofthe &tz710Sphe reandthe
Te加 ction m a t血 ofthe sea stF鮎 e
,
A
,.,
T
AL l
and R
d I
r eq)e血v ely･ Forthe b8Sic fo皿 nlations ofthcsct na tricesfo r asirLgle
atrELO SPhericl野 er witha G 耶 SiantypeOce an S urfacie(Co x･ 姐unk Ⅷ od¢L[2】), refTerto o u rprevio q 8Pape r[3l･
Therc且eGta n C A a nddegr e eoflinearPOlari23tioTIPinther e且eGtCdradiatio TL at thetopofthe atn osphcrearegive nby Eq.(3)and
Eq.(4),r甲peC6vely.
R = 7tl /pDち (3)
p- (Q
2
＋u
2
)
LQ
n (4)
For 8implici申, w eshal c all thedegre e of 血 carpol 血 血nthe polari2Etio nin th ispapcr･
3. S1五E D ISTRI丑trm O NMOD E LOF A E R O S OL
As血r aぼ OSO1Siz edistribtltio n m od由 ,J叫geb,pepo w er18 W m Odelwaso nlyconsideredas aba s e-line and itisgive nbyJ3q･(5).
C･10Y十
1
o･o2FLnl≦ r≦0･1Jb n
n(r)=
■
c･10
-(v ＋n o1 1L m≦ r≦10FL m (5)
O r <0.02lLm , r >10FLm
where A(r)isthe n tnbcrdc nsitywhos叩 ardclc 由 cisbetw een ra nd 什 血 Cisa co nstad whichi8de mi nedto Batisy
Tn(rvr - 1 , whq ¢㌔ヂIO2[-'andミ 千l o.0[ m ]. Theindex AinJiq.(5)c anbe W ed8S am e a Stlr e Ofthesize ofacr o sol血IZI
Rd TL
p8也icles. As am c a sttre ofa 野0$ Olopticalthickness, w e shalltn e the a eros olopticalthickn css て50.at50 0[n n]h this 8tdy･ T he
a e rosoloptical thickncssち 8t ally W AVelength 九[7n] caz)bce xpressd by Bq. (6)inte ms of T5.0.
rl
- で 別(i)- α (句
whcrc ais ÅngstrOn 6 XPOZ)C n t a nditis ap pr o3(in atelyrel曲 dtoJlmge
'
sindex n a86ollo ws:α - v ･ 2. Sinc eAnBSt 血 exponent
is c o n morLytw ed, w cshalh18e a 8S a me asu re Of thc siz e ofaer os olpartiGIE!S,h¢reha氏er, insteadofn1 1n other w ords, w e
c o n sidered here5difFcrE nt C a Se$ Ofα
,
nan cly, α ± 0.5,1.0,1･5,2.0ad 2151 The s 血瓜 and large valq鮎 Ofa co respo nd tourge and
S na山8CrO 8 01parti¢1e sizeca8 eちrCSPeC6vely. As 免rac m solre血 cdv ein血x, w e c o n sidered 8casesOfre血 cせvcinde x,i･e･ , n
= l･30
-iO.0,133 -iO,O135-iO.0,1.40 -iO.0,I.45-iO,O,i.5 -iO.0,1.5 51iO.0ad 1.60 -iO.0, whcrc w cignoredabs orbi喝 8erO 抑1c8SeS, h addition,
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we us¢dthc opticalthickn 郎 CS Of R&ylcigh m olecules, conpt[ted by the6orn tLl8ein Han sc n andTravis
'
spapertI]. Wecomputed
L 00k Up Tables(LUTs)ofhc spacer eflecta n c a ndpola 血 tionfor agiven aero s olm odclwith 11 di飴 rcrltp肝a nCteriz edae m sol
opticalthich e s scs of- ,..加 m T,a
3 0･Otol10 由比 anincrem e ntOf A1
5.0
= O1 〉for33di htzc血hanglesofthcincidetlt
a ndviewingdirection and72 di免 re nt a zim uthalm gleB Ofl一旬, The L U T古 w ere co 皿ptEt Cdat67 0a nd865[n n]bythe add血ga nd
dotlbun&radiativetr ansfTcrc ode,in clnding polarization,fo r40a e ro solm odels(5case 川fa x8case昏Ofn). h the co mptltation, we
a ssl皿 edaho mogen eol S atmosphe r e(mixtt)re ofaeros ol&tldJ byleighpartic16S)bo nded by8 ni声OtrOPic GatlSSiantype o c曙 I
surfTace witha windspeedof V葺5 .0[m/sl
AsLbr thevalidation ofa eros olopticalpar- eterretriev al■the sim tLltan e otlS SOar8ttCn tn tio n m eas w em cn ts wer e m adebythe
skyradio 血eter(P O M-0 1:P R E D Em ade)with 4w av el ngthchan nels of 4 0,500,87O, a ndlO 4 0[nmJat Uchin8da A如 mltura1
月Ⅹpcrin e ntCe ntq inJ血ika w 8PrefecturehJapan, ve ry Close tOthe sttldysite A in Fig.1.
4. M ロLTI･ D I R丑CTION A L A-P A LG O RIT ⅡM
T he use of m nlti･direction al R-P(Re皿ectan cE>Polari2 血 n)diagra min a血 gleinbred bandw as Ddgin aly proposed by 爪rpre Vi-
otzs s tudy[4l･ Wepr e seted8para netriz6dRIPdiaga min865[n m】at 8 Vicwing 00ndition of(Scelle3 5:Oo 戎91 4,0-55.87,中 -
炉88･25;sc 8tteritlga喝1c ◎
231 1 8･5)for mEl14 5-iO･OinFigヱ Fro m也edi喝ram inFie.2, w c Ⅷ1丘nd 郷ilyan approp血 加pBra n C tC r
80lr[tion,i･e･ ,(T,a.朝 ･24l,α
2;1･7 7)加 m alocatio n of 丈in thec ase Oft 『1･45･iO10. whereXs ぬ 丘esbothobs8 Ⅳdre屯ecta nce and
polarization v ahcsbyPOL DBRI Th弼 e畠tin atcdvalt 潤 ag6 eVery W ellwiththe n easllred･v ahu5B OfJF,..(Ob8)朝 ･24S, a(obβ)
= 1163)byskyobserv &tioA n e arthe ta rgetAo nApril26,I 9 7･ W 申6otmdp ram cte rs oltltio nswith$liBhdydi飽 rcntv 8bcsLTDr Other
vi¢wingc o nditonsfor m≡ゴ l･4 5-iO10･ Ap proprlEte ae r o s olpar a m et rsd theta rgetA shod d be c oEEEPtlt6d byt8出nBan a ver age
o v er m地 -anglec ondi滋onsI Shoewe知tndno app 叩d8tep8ra m Cter B Ol 血on for m=1,30-iO.0, n ; ,-1.35-iO.0, atd n = 1.60･iO.0, wc
印 n rqiect也飼 edtreecaB C $ Ofn .T here existedan appropdatep8rCm Ct 耶 0血io71for m 亡 1,401iO.0,I.45-iO.0,1.50-iO.0and 1.5 51iO.0.
Be c a u s eth stn ofrel dv ediffe renceS(tz,)betw eenthe m odel氾dobserv 血 nin the case ofm
5 114 0-iO･Oisthe m allest 8 n Otlg
fotupossible cases Ofm, w e c a n adoptthe case of m =l･40-iO･088thcbestC 緋 ･ Thedefnition ofS(吋isgivc nbyEq.(9)･ F血11y,
an appropriate getOfa e ro 8 OIparatrL6terS athc targetsite A,bas edo n the above a rgtr ne 叫 w asfo Ⅶdtobe(ち仙 朝 ･24 5,c r
-l･20,
m 丘I140-iO･0)which wa s clos e to he m 醐 Ⅶ ℃do nes(T500[obs]
=0
･
248, αEbbs)=1･63)1
0t m e w algoriihm 触 r etrievinsa ero s ol
-
s re alpa rtofreh ¢tiv¢inde 7(,
Jr
50.a ndα, 如 Sfouo w s:
(a)Finda solutiozm f( 伽 ),.., a(i邦))tu;i喝 the R-Pdiagra m 8tthc 丘rstpixelinF O L D E Rsce n e Ⅶnder co nsiderd on at agiv en
vie 血 gconditon,q, br6xed 珂 , Wherei=1･ 5a ndj=118･ As brOi, W C C OnSidcr6c as 朗 Ofsc a批 ring m gles◎L,n a m ely,0.:(i-l-
5)-123 5,136.4
o
,150.8
d
,
162.r,163.O
D
and 154.7
o
8 elccteda n o喝 P O L D E R
･$12-1 4vic whgcondid 耶 ateよchpixel. Asfor
trs, we c o nside r8cas 靭 Ofrc alprt ofreb ctiv eindex,n8m ely･ nF1 3 0
-iO･0･1 3 3-iO10･1･35 ･iO･0･l･40-iO･0･1･45 -Solo,115 -iO･0,l･55 ～
iO.0a nd1.60-iO.0.
”)co mpvt8 an 8 V er agC optic al thicknessl w(mj)500and An酔 o m cg one=t αq v(m) 血 色 叫 asfol.o w s:
･
o v(mj,- -請1'i-J,-
a
q y'mj'-吉;a'i･ mj'
(7)
(8)
wh耶 n
l
isthetotalTtd erofexis血gs oll血 nsfor 血 edtzl･ Wc rejectthe case oflq aS an in ap propriate cas e･ifn opos sible
sohtionisfotndin theP IR diag am .
(c)cotnptltC theor ea ぬ Irenectan ccRl(･
'
)a ndpolariz血o nP(i)at eachpixelforOi, u Si,Lg the v alues of f. ∨(m])5.O and
α
o p(mj)･ T he n, c o7hPte a S｡ m Ofr血 dv6diffbr enc 6S(叫)betwecn thc m odel(m - 叫)a ndobs erv adon,8 ｡C OrdinBtOEq.(9).
-
2 5-
s(”,,
-沖 幣 ･ 幽 ゴ也】P..(9
where R
ob('
'
)and Pob(i)arethe ob8erVed;efle ct8n C e andpolarin6on valuesforOi ･
(a)Assip m 芦nlaS an aP PrOP血te re alpartofr 血 ctiv｡h dex atthepixel･ whe re rrkSBtisfLeS Eq.(lO)･
S(m k)= MbliS(mj):j= lん ,i‡
Three v a加 古Of叫 1o v(m t),oo and α d ,(mh)are aP prOp血te aerosolopticalpar 8 net erg atthePixcl･
(e)RepeatSteps(8)to(a)加 alpix elsin a s eries 0fPOL D E R8 CC71 e S･
(9)
(1 0)
5. M tJL T I_ AN D M O N O- D IR RCTION A L R･ A L G OR [T E M S
This■is a m ethodfor retrie ving a e r o sloptlC alpa r a m¢te rs, uSi喝 tW Obmdreflcctm c e valtl e S alo n e. T his m ethod was orlgm ally
tLSCdinthe retrievalan aly由 of NOA 〟 A V 且R Rdぬ by Sto ve ctal･[5]･ By 血 g8P - eterizcd diagram ofthc oreticalrefle ct ances
in 670a nd 86 5[n n)ba nds atasi▼eELatlg Anr c ondi 血n, w e c a n also cstim 8te a -PPrOPriatc Set Of(T5O., CL)whichsati8丘esthe
obsczv edr8且e cta nG6S 8t 6 70and 865[nn】, T he R IR(Re丑cctance -且姐cctanc e)dgo丘tbm in tw oban由 i8 applicableto POLJ) E R
'
s
7nultiJ ircction alr6flect mc cdぬ andthe m o-direcdoT181rd cctanc cdata ofOC TSandNO AAノA V uJ u. W c c a nr ctievc 8 erO 抑l
'
s
threo opticalpa n m etcrs 加 m POL DBR
'
sr e且ectan ce血t8 血 gthesimi hr algo 血 m in th叩 r Wiotu; 弼 Ction･ e x c eptusingt Eulti
-
directio7nlA- Adi野 a n B and thedif6ercltde血ibon ofS(吋bvctlbchw .
s(m],-沖 腎 ･ 腎 】 (ll)
Ho w cy 町,itisdiLBcdtto Tetricvc aem 昏OP8realpart ofre血ctiveh de xbytheA-Adiagram b m the m o n oJ irecdo nalr¢且ectan c edata
byOCrSandNOA A/AVH R R,bec8tLSethey 0011c ctsthe radianc ¢rcfl鵬 d bythetarget 缶otn a rE10nO -direc丘on･ h otherw o rd81 W e
c an r etricv c onlyy ahh” i)fて5.Da ndα by 血 喝 &■n oT10 u O叫1 R-Ad$○血hzn･
6. C O M アA RIS O N O FRE T RIE V E D R EStJLTS
R 如icvcddistdhxtion m aps Ofaer os olp m eter s, n 村政Iy, n f Nr･iO･0, 150.,a nd α ,丘o mF O L D E R,OC 柑,and N O A A/ÅV ll R R
aqqircdonApd 2q1 99 7w -prc s en td 血 Fig3,Fig･4,a nd Fig15,respecBvely･ tlerc, Nristhered partofr 血 cdveindex l h these
五gtEr e 6(a)and仲)托pre8印tretrievedr esdis血 m PO1･D E Rdatabythc 皿Id-dirB Ction81R･P algo血bn a nd =tl 丘-directio nal RIR
dgori 血叫 rCSPeCtively. h ad di血 n,(c),(d),a nd(e)repr es 印土tho se 鮎 m theTe且cctanc ed曲 Of OC TS,A V 出R Rwi 也I15ho1 耶也n e-
l喝 and A V 出R Rwith 4ho ws 血 c-1喝 by the mono
-dir ectionalR-R algorithn ･ The r et rievedre sults Ft the v alidation siteA ar c
sho wnin TableI. W ccan 血 d thatthe tnlti-directionalA-Palgodthm giv esth¢be stagrc8m mtwiththe obscr vEtim dB[t a a r n O ng
di飽 rerEt 81godthms. T he retriev edznap ofther飽Ip d ofrc鮎ctiv eindex can n otb亡 n ade 丘o mO C TSand AV土I R R data,because of
their m o n o-dircdonal妙1imitation. Fig.3-(a)show sthatw ehave al町 野 e Xtendcdrcgion of8erO S O15 wi th Nrin a r pge ofl･40to
I.4 5h m AsianCo血 伽l止toJap8nC S eislands, whcrc as wehav e reglO 耶 Ofacroqsols withthatin a range of ユ.30 ･1･3 5in thePaciRc
Oc ea n. Fig.4-(a)血〉w 8that theaeros olopt血l th ich csさ(T,o.司 10- 0･2)is m whs n ale rh hcP8CiAc Oc 組n thn thz[t(T,00 司 ･4-
0.5)intheJapanS乱 Asfor ct, w eha ve ae ro s olr喝iorlS withα 朝 15(coreq)ondstolarge sizeparti des:Oc eanicPar ticles)in the
Paci血 Oc ean, where as W ehave a y erhrger egion wih a -2こ0-2.5 (c orre甲Ondsto sTha皿 si2:eparticles:L血 dPardclcs), which
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exte nds 加 m Asim Co 血 Entto w ardthePacific Ocean, a5is see nin Fig･5-(a)I A ll fe8ttF eSbythe ntLlt-dircctioTLal P･ RAlgorithm
w ere c on si8tetttandtheyagre ed w euwithourgeTLeral kno wledge abo ut thelo calatm o甲h6ric nlOVen e nt. W e h v¢ stro ngYello w
dtw ts舟o mAsia nCotltin e nt(Cllin 8)in spri71g andtheyareex tettding ov erJaparL a ndthe w estern p rtofthe)Paci6c O¢ean. Since
m os tf岳att msillFig.41P), -(c), -(d)and-(c)aresimi lar t o thosein Fig14-(a), w e c a njtdgethat retric七edresultsofて,o.鮎 m the
reflectancedat a a r eqtlalitativ elyreliable,bⅦt-lotquaDtitativ 61y. W6 Shotl dn ote thatther etrie v edrestlts of 15.aa nd α 丘o m
POL D E Rand OC T Sdata,basedon eithw n tdd- or n oTK)- di=cctiot181 R- Ralgorithm s,ar cv eryclos Bt O 冊¢hothq,whcreas 也甲 8r e
v erydi飽 rcntin the ca B¢OfAV 上IR R dda･ The rca8 0n Sa rc not Clear8tpre8e nt･ T herearc m atlyfactors which w ere n ottakingiTLtO
accou r[tin otFdealing wi th the A V 8 R R data. s u ch asthc e飴 ct ofw &tcr yapor absorptionin wi deiband･ widthofAV II R R,the
obseⅣ &tio ntim e- hgbetw ee nA DBOSandNOA A, andothers. As for cL a ndm 葛Nr-iO.0, we cartjⅦlgethatresdtsfr om the
reflectarLC edata m町 n Otbetru sted,because w ¢fot ndthatthe ¢o mput6dpolarizatio nvaltIC写,8 S S u mingthe opticalpa r a meters
ba sedo nthe A - Ralgo rithq failedto s atis&the o1)8 e rVCdpolari宅8tion v血 cs.
7. C ONCL tlSIO N S
coTI CltlSionB Ofthis sttldyc anbest m arizedasfollo w s:
(I)Fo rthe {irg[ tim e, w e sho w edthat aerDSOL
'
s realpart ofre触 ctivehde x,togctherwithaerosolopticalthicknesandÅngst血
expo n叫 ¢ 血 ber6tri6 VCdsy8te m 血 11ybythe=mld･dir e ctio nalR-P81gorithn usingPO L D玉R
'
B r e且ccta n c mdpo血 由tion data･
(2)W cfotmda go od agre e m etltbctw ecn thc r etdev ed and m e8Stm da ero solopticalpar m et r v &1Ⅶ88 qt tho v &1i血tion site･
(3)Re出ewedm aps of8erO$ Ol
◆
s t opdGdp8 ra met 耶bytheproposedalgorithm w 耶 COⅢPar ed wi dlthos ebythe 印皿1ti･dire ctiotlalR-
R algorithm md bythc m on Jirection81 氏- Ralp dthm usingthe reflcctanc edata OfPOL D E R, OCrSandA VfI R R ■
(4)Wefoundr改d¢vcdr¢s ults 鮎 m rcfle cta ncedz(tas c cn ed tob8qtnlitatiyclyc orrect inthe estin 8tion ofて50.,btltn otrClid lcin
the cez血nation ofm = Nr-iO.0 a ndcL
A C J( NO WL 瓜DGM E N T S
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